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TITLE OF THE INVENTION 

THIN FILM TRANSISTOR AND MANUFACTURING METHOD THEREOF. AND ACTIVE 
MATRIX DISPLAY DEVICE AND MANUFACTURING METHOD THEREOF 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001 ] This application claims the benefit of Korean Patent Application No. 2001 -1 0842. filed 
on March 2. 2001. in the Korean Industrial Property Office, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
O 1. Field of the Invention 

q 

|1 [0002] The present invention relates to a thin film transistor (TFT), and more particularly, to a 
d method of manufacturing the same. Also, the present invention relates to an active matrix 
'"r. display device and a manufacturing method thereof. 
PI 2. Description of the Related Art 

Q [0003] As a type of flat panel display device, an organic electro-luminesence (EL) display 
% device is being watched with keener interest than any other clisplay device; suchf as a cathode - 
fii ray tube (CRT) and a liquid crystal display (LCD) device. In comparison to the CRT having the 
same screen size, the organic EL display device is thin, lightweight, and has lower power 
consumption. Since the organic EL display device emits light by itself, it does not require a back 
light device. Therefore, a lightweight, small-sized and compact display device can be achieved. 
In addition, the organic EL display device has an advantage in that there is no limitation to a 
viewing angle. As such, organic EL display device having a thin film transistor (TFT) as a 
switching element is being actively developed. 

[0004] FIG. 1 is a cross-sectional view illustrating a conventional TFT. A process of 
manufacturing the conventional TFT is described below with reference to FIG. 1. First, a buffer 
layer 11 is formed on a transparent insulating substrate ("substrate") 10. The substrate 10 Is a 
transparent glass substrate or a transparent plastic substrate. A polycrystalline silicon layer is 
deposited on the buffer layer 11 and then patterned to form a semiconductor layer 12. 

[0005] Then a first insulating layer 1 3 is deposited over the whole surface of the substrate 1 0 
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as well as covering the semiconductor layer 12. The first insulating layer 13 serves as a gate 
insulating layer. A first nnetal layer is deposited on the first insulating layer 13 over the 
semiconductor layer 12 and then patterned to fomi a gate electrode 14. Using the gate 
electrode 14 as a mask, a low-density impurity, such as a n-type or a p-type low-density 
impurity, is ion-implanted into both end portions of the semiconductor layer 12 to form low- 
density source and drain regions 15-1 and 15-2, 

[0006] Thereafter, the gate electrode 14 is anodized to form an anodizing layer 16 
surrounding the gate electrode 14. For example, the anodizing layer is made of AI2O3. if the 
gate electrode is made of Al. A high-density impurity having the same conductivity as the low- 
density source and drain regions 15-1 and 15-2 is ion-implanted into portions of the low-density 
source and drain regions 15-1 and 15-2 that are not covered with the anodizing layer 16 to form 
source and drain regions 17-1 and 17-2. 

[0007] Subsequently, a second insulating layer 18 is deposited over the whole surface of the 
substrate 10 and then patterned to fomri first and second contact holes 19-1 and 19-2. The first 
contact hole 19-1 is formed at a location corresponding to a portion of the source region 17-1, 
and the second contact hole 19-2 is formed at a location corresponding to a portion of the drain 
region 17-2. The second insulating layer 18 serves as an interlayer insulator. 

[0008] Finally, a second metal layer is deposited on the interlayer insulator 18 and patterned 
to form source and drain electrodes 20-1 and 20-2. The source and drain electrodes 20-1 and 
20-2 contact the source and drain regions 17-1 and 17-2 through the first and second contact 
holes 19-1 and 19-2, respectively. Therefore, the TFT having a lightly doped drain (LDD) 
structure is completed. 

[0009] In order to manufacture a TFT having an off-set structure, a process of ion-implanting 
the low-density impurity is omitted. 

[0010] The manufacture of the TFT having the LDD structure or the off-set structure requires 
four mask processes. A first mask forms the semiconductor layer 12. A second mask forms the 
gate electrode 14. A third mask forms the contact holes 19-1 and 19-2. A fourth mask forms 
the source and drain electrodes 20-1 and 20-2. Thus makes the manufacture of a conventional 
TFT very complicated and costly. 
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[0011] Also, the conventional method of manufacturing the TFT uses the anodizing layer 16 
other than a photoresist pattern, and thus forms the LDD region in a self-aligning manner. 
However, an additional apparatus is necessary to anodize the gate electrode 14 and form the 
anodizing layer 1 6. leading to a very complicated manufacturing process. 

[001 2] In addition, since the source and drain electrodes 20-1 and 20-2 contact the high- 
density source and drain regions 17-1 and 17-2. a contact resistance increases, thereby 
degrading electric characteristics of the TFT. 

[0013] FIG. 2 is a cross-sectional view illustrating a conventional organic EL display device 
having the TFT of FIG. 1 as a switching element. Subsequent to the process of manufacturing 
the TFT shown in FIG. 1 . a third insulating layer 21 is fomied over the whole surface of the 
substrate 10 so as to cover the source and drain electrodes 20-1 and 20-2. The third insulating 
layer 21 serves as a passivation layer. The passivation layer 21 includes a through hole 22 at a 
location corresponding to a portion of either of the source and drain electrodes 20-1 and 20-2. 
In FIG. 2. the through hole 20 is formed on a portion of the drain electrode 20-2. 

[0014] Then, a transparent conductive material is deposited and patterned to fomi a pixel 
electrode 23. The pixel electrode 23 contacts the drain electrode 20-2 through the through hole 

22 and serves as an anode electrode 23. 

[001 5] Subsequently, a planarization layer 24 is formed over the whole surface of the 
substrate 10. The planarization layer 24 has an opening portion 25. The opening portion 25 
exposes a portion of the anode (pixel) electrode 23. 

[0016] Next, an organic EL layer 26 is formed on the exposed portion of the anode electrode 

23 . Finally, the organic EL display device is completed when a cathode electrode 27. which 
covers the organic EL layer 26. 

[0017] In order to manufacture the organic EL display device shown in FIG. 2. three mask 
processes are required in addition to the four mask processes required to manufacture the TFT 
A fifth mask forms the through hole 22. A sixth mask fonns the anode electrode 23. A seventh 
mask forms the opening portion 25. These additional processing operations and time 
complicate the manufacturing process of the organic EL display device. As a result, the 
manufacturing yield is low. and the production cost is high. 
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SUMMARY OF THE INVENTION 

[0018] To overcome the above and other problems, it is an object of the present invention to 
provide a thin film transistor and an active matrix crystal display device having a simplified 
manufacturing process leading to a high manufacturing yield and a low production cost. 

[0019] It is another object of the present invention to provide a thin film transistor and an 
active matrix display device having excellent electric characteristics. 

[0020] Additional objects and advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0021] To achieve the above and other objects of the present invention, there is provided a 
method of manufacturing a thin film transistor (TFT), comprising forming a semiconductor layer 
on an insulating substrate using a first mask, forming a gate insulating layer over the whole 
suri'ace of the substrate, forming a gate electrode having a capping layer thereon using a 
second mask, forming spacers on both side wall portions of the gate electrode and the capping 
layer over the gate insulating layer while exposing both end portions of the semiconductor layer, 
forming high-density source and drain regions by ion-implanting a high-density impurity into the 
exposed portions of the semiconductor layer, and forming source and drain electrodes without 
contact holes, using a third mask to directly contact the high-density source and drain regions, 
respectively 

[0022] According to an aspect of the invention, the forming of the spacers includes depositing 
an insulating layer over the whole surface of the substrate and patterning the insulating layer 
and the gate insulating layer to form the spacers so as to expose both end portions of the 
semiconductor layer, where the insulating layer for the spacers and the capping layer is made of 
an oxide layer or a nitride layer, and the high-density source and drain regions are formed at a 
predetermined distance from the gate electrode so as to have the semiconductor layer with off- 
set regions formed under the spacers. 

[0023] According to another aspect of the invention, the method of manufacturing the TFT 
further includes forming low-density source and drain regions by ion-implanting a low-density 
impurity having the same conductivity type as the high-density impurity into the semiconductor 
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layer after the forming of the gate electrode, so as to have the semiconductor layer with LDD 
regions formed under the spacers, where the capping layer serves as an impurity banier to 
shield the gate electrode from being ion-implated during the process of ion-implanting the low- 
density impurity. 

[0024] According to yet another aspect of the invention, the method of manufacturing the 
TFT further includes forming silicide layers on the exposed portions of the semiconductor layer 
after the fonming of the spacers. 

[0025] According to another embodiment of the present invention, a thin film transistor (TFT) 
includes a semiconductor layer formed on an insulating substrate, a gate insulating layer formed 
on the semiconductor layer so as to expose both end portions of the semiconductor layer, a 
gate electrode formed on the gate insulating layer, a capping layer formed on the gate 
electrode, spacers formed on the gate insulating layer and on both side wall portions of the gate 
electrode and the capping layer, high-density source and drain regions fornied at the exposed 
end portions of the semiconductor layer beyond the spacers, and source and drain electrodes 
which directly contact the high density source and drain regions, respectively. 

[0026] According to an aspect of the invention, the semiconductor layer has off-set regions 
fomried under the spacers. the semiconductor layer has low-density source and. drain, regions. _ 
having the same conductivity as the high-density source and drain regions under the spacers so 
as to have the semiconductor layer with LDD regions under the spacers. 

[0027] According to another aspect of the invention, the capping layer and the spacers are 
made of an oxide layer or a nitride layer, and the TFT further comprises silicide layers formed 
both between the source electrode and the high-density source region, and between the drain 
electrode and the high-density drain region. 

[0028] According to a further aspect of the present invention, a method of manufacturing an 
active matrix display device includes forming a semiconductor layer on an insulating substrate 
using a first mask, forming a first insulating layer over the whole surface of the substrate, 
forming a gate electrode having a capping layer thereon using a second mask, forming spacers 
on both side wall portions of the gate electrode and the capping layer over the first insulating 
layer while exposing both end portions of the semiconductor layer, forming high-density source 
and drain regions by ion-implanting a high-density impurity into the exposed portions of the 
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semiconductor layer, forming source and drain electrodes without contact holes using a third 
mask, so as to directly contact the high-density source and drain regions, respectively, forming a 
second insulating layer over the whole surface of the substrate, fonming an opening portion by 
etching the second insulating layer using a fourth mask and exposing either a portion of the 
source electrode or a portion of the drain electrode, and forming a pixel electrode on the second 
insulating layer to contact an area exposed by the opening portion. 

[0029] According to a further embodiment of the present invention, an active matrix display 
device includes a semiconductor layer formed on an insulating substrate, a gate insulating layer 
formed on the semiconductor layer so as to expose both end portions of the semiconductor 
h= layer, a gate electrode formed on the gate insulating layer, a capping layer formed on the gate 
p! electrode, spacers fomied on the gate insulating layer and on both side wall portions of the gate 
tit electrode and the capping layer, high-density source and drain regions fonned to the exposed 
P end portions of the semiconductor layer beyond the spacers, source and drain electrodes which 
di directly contact the high density source and drain regions, respectively, a planarization layer 

having an opening portion which exposes either a portion of the source electrode or a portion of 
O the drain electrode, and a pixel electrode formed on the planarization layer which contacts an 
Pi area exposed by the opening portion. 

O BRIEF DESCRIPTION OF THE DRAWINGS 

III 

[0030] These and other objects and advantages of the present Invention will become more 
apparent and more readily appreciated from the following description of the prefen-ed 
embodiments, taken in conjunction with the accompanying drawings of which: 

FIG. 1 is a diagram illustrating a cross-sectional view of a conventional TFT; 

FIG. 2 is a diagram illustrating a cross-sectional view of a conventional organic EL 
display device having the TFT of FIG. 1 as a switching element; 

FIGS. 3A to 3L are diagrams of cross-sectional views illustrating a method of 
manufacturing a TFT according to an embodiment of the present invention; 

FIG. 4 is a diagram illustrating a plane view of a portion of an organic EL display device 
according to the present invention; 

FIGS. 5A to 5F are diagrams of cross-sectional views taken along line V -V of FIG. 4 
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illustrating a method of manufacturing a organic EL display device according to another 
embodiment of the present invention having the TFT of FIG. 3L; 

FIG. 6 is a diagram illustrating a cross-sectional view taken along line VI - VI of FIG. 4 
illustrating the organic EL display device according to the present invention having a switching 
TR 

FIG. 7 is a diagram illustrating a cross-sectional view of yet another embodiment of the 
present invention with two opening portions fomied to expose a portion of a buffer layer and a 
portion of a drain electrode; and 

FIG. 8 is a diagram illustrating a cross-sectional view of still another embodiment of the 
present invention with a opening portion formed to expose a portion of a drain electrode. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0031] Reference will now be made in detail to preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. The embodiments are described 
below in order to explain the present invention by referring to the figures. 

- [0032] — FIGS. 3A to 3L are cross-sectional viewsJIIustrating a thin film transistor (TFT^ 
according to an embodiment of the present invention. FIG. 3A shows a buffer layer 31 formed 
on a transparent substrate 30. A polycrystalline silicon layer 32 is deposited on the buffer layer 
31 and then patterned using a first mask to fomn a semiconductor layer 33 as shown in FIG. 3B. 

[0033] In order to form the semiconductor layer 33, an amorphous silicon layer can be 
deposited and then be crystallized through, for example, a laser annealing process to form the 
polycrystalline silicon layer 32. The polycrystalline silicon layer 32 is patterned to form the 
semiconductor layer 33 in a form of an island. 

[0034] The buffer layer 31 is an oxide layer, such as Si02, and serves to shield impurities, 
such as a sodium ion, from being diffused from the substrate 30 into the semiconductor layer 
33. 



[0035] FIGS. 3C and 3D show that a first insulating layer 34, a first metal layer 35 and a 
second insulating layer 36 are sequentially deposited over the whole surface of the substrate 30 
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so as to cover the semiconductor layer 33. The first insulating layer 34 serves as a gate 
insulating layer. The first and second insulating layers 34 and 36 are made of an oxide layer 
(e.g., SiOz) or a nitride layer (e.g., SINx). 

[0036] The first metal layer 35 and the second insulating layer 36 are patterned using a 
second mask to form a gate electrode 37 and a capping layer 38 over the semiconductor layer 
33. 

[0037] FIG. 3E shows that a low-density impurity, such as a n-type or a p-type low-density 
impurity, is then ion-implanted into both end portions of the semiconductor layer 33 using the 
gate electrode 37 as a mask to form low-density source and drain regions 39-1 and 39-2. At 
this time, the capping layer 38 shields the low-density impurity from being ion-implanted into the 
gate electrode 37. thereby preventing defects, such as a hillock or a crack, in the gate electrode 
37. 

[0038] FIGS. 3F and 3G show that a third insulating layer 40 is deposited over the whole 
surface of the substrate 30. The third insulating layer 40 is then etched-back to form spacers 41 
on both side wall portions of the gate electrode 37 and the capping layer 38 so that the gate 
electrode 37 is perfectly insulated by the capping layer 38 and the spacers 41. An oxide layer 

or a nitride layerJs used asJhe third insulating layer 40. At-the same time. the first insulating 

layer 34 is etched to expose end portions of the low-density source and drain regions 39-1 and 
39-2. 

[0039] Next, FIGS. 3H and 31 show that a second metal layer 42 is deposited over the whole 
surface of the substrate 30 and then reacted with silicon of the semiconductor layer 33 through 
a silicide process to form siiicide layers 43-1 and 43-2 on the exposed portions of the low- 
density source and drain regions 39-1 and 39-2. respectively. The second metal layer 42 is 
made of a refractory metal such as Cr or Ni. The portions of the second metal layer 42 that do 
not react with the silicon are removed. 

[0040] FIG. 3J shows that by using the gate electrode 37, the capping layer 38 and the 
spacers 41 as a mask, a high-density impurity having the same conductivity type as the source 
and drain regions 39-1 and the 39-2 is ion-implanted into the exposed portion of the low-density 
source and drain regions 39-1 and 39-2 in a self-aligning manner to fornn high-density source 
and drain regions 44-1 and 44-2. The TFT of the FIG. 3J has an LDD structure. 
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[0041] Since the high-density impurity is ion-implanted into the semiconductor layer 33 
through the silicide layers 43-1 and 43-2. the semiconductor layer 33 is protected by the silicide 
layers 43-1 and 43-2, thereby minimizing damage to the semiconductor layer 33 due to the ion- 
implantation. 

[00421 Finally. FIGS. 3K and 3L show that a third metal layer 45 is deposited over the whole 
surface of the substrate 30 and then patterned using a third mask to form source and drain 
electrodes 46-1 and 46-2. The source and drain electrodes 46-1 and 46-2 directly contact the 
high-density source and drain regions 44-1 and 44-2 through the silicide layers 43-1 and 43-2. 
respectively and without using contact holes. 

[0043] In order to form an off-set structure instead of an LDD structure according to a further 
embodiment of the present invention, a process of ion-implanting a low-density impurity of FIG. 
3E can be omitted. 

[0044] According to an embodiment of the present invention, the three mask processes are 
used to simplify the manufacture of the TFT. For example, since the high-density source and 
drain regions 44-1 and 44-2 are formed in a self-aligning manner using the spacers 41 as a 
mask, an additional anodizing process is not required. Also, since the source and drain 

_ electrodes 46-1 and 46t2. without contact holes, directly contact the high-density source and 

drain regions, one of the masking processes can be omitted. 

[0045] In addition, since the silicide layers 43-1 and 43-2 are formed between the high- 
density source and drain regions 44-1 and 44-2 and the source and drain electrodes 46-1 and 
46-2, respectively, a contact resistance can be reduced. Furthemriore, the silicide layers 43-1 
and 43-2 serve as an etching barrier for the source and drain electrodes to improve an etching 
selectivity, and also serve to minimize the damage to the semiconductor layer 33 due to the ion- 
implantation, since the high-density impurity is ion-implanted through the silicide layers 43-1 and 
43-2. 

[0046] The TFT according to the embodiment of the present invention has an LDD structure 
or an off-set structure, and improved electric characteristics. For example, since an off current 
is reduced, an on/off cunrent ratio can be improved. 

[0047] In addition, since the gate electrode 37 is insulated from the source and drain 
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electrodes 46-1 and 46-2 by the capping layer 38 and the spacers 41 , a sufficient insulation 
between the gate electrode 37 and the source and drain electrodes 46-1 and 46-2 can be 
secured without the interlayer insulator 18 having contact holes 19-1 and 19-2 that provide a 
contact between the source and drain regions 17-1 and 17-2 and the source and drain 
electrodes 20-1 and 20-2 as shown in FIG 1. 

[0048] An organic EL display device includes a transparent insulating substrate, signal lines 
and a pixel connected to the signal lines. FIG. 4 is a plan view illustrating a portion of an 
organic EL display device 100 according to an embodiment of the present invention. A gate line 
120 applies a signal to tum on or off TFTs of a pixel 160. A data line 130 applies a data voltage 
to the pixel 160. A power supply line 140 is an-anged in a parallel direction to the data line 130 
and applies an electrical power to the pixel 160 while the organic EL display device 100 is 
driven. 

[0049] Each of the pixel 160 includes a switching TFT 170, a storage capacitor 180, a driving 
TFT 200, and an organic EL element 300. The switching TFT 170 is an-anged at an intersection 
of the gate line 120 and the data line 130 and is driven by a signal applied from the gate line 
120. The switching TFT 170 has a semiconductor layer 172, a gate electrode 174, a source 
electrode 176, and a drain electrode 178. The gate electrode 174 extends from the gate line 
120, and the source efectrode 1 76 extends from the data line 1 30. The source and drain 
electrodes 176 and 178 directly contact the semiconductor layer 172 in which high-density 
source and drain regions (not shown) are formed, respectively, without contact holes. 

[0050] The storage capadtor 1 80 is connected between the switching TFT 1 70 and the 
corresponding power supply line 140 and serves to maintain data applied from the data line 130 
so that the organic EL display device 100 can maintain the data during one frame. The storage 
capacitor 180 includes first and second capacitor electrodes 182 and 184 with a dielectric layer 
(not shown) interposed therebetween. The first capacitor electrode 182 is connected to the 
drain electrode 178 of the switching TFT 170 through a connection pad 315 (see FIG. 6). The 
second capacitor electrode 184 extends from the power supply line 140. In other words, the 
drain electrode 178 of the switching TFT 170 is connected to the connection pad 315 through a 
contact hole 261, and the first capacitor electrode 182 is connected to the connection pad 315 
through a contact hole 262. whereby the switching TFT 170 is electrically connected to the 
capacitor 180. 
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[0051] The first capacitor electrode 182 is made of the same material as the gate line 120 
and the gate electrode 174. and is fonned at the same time as the gate line 120 and the gate 
electrode 174. The second capacitor electrode 184 is made of the same material as the source 
and drain electrode 176 and 178 and the power supply line 140, and is formed at the same time 
as the source and drain electrode 176 and 178 and the power supply line 140. 

[0052] The driving TFT 200 is connected to the power supply line 140 and the storage 
capacitor 180. and serves to drive the organic EL element 300. The driving TFT 200 includes a 
semiconductor layer 210. a gate electrode 220, a source electrode 250. and a drain electrode 
255. The gate electrode 220 of the driving TFT 200 extends from the first capacitor electrode 
182, and the source electrode 250 of the driving TFT 200 extends from the power supply line 
140. The source and drain electrodes 250 and 255 directly contact the semiconductor layer 
210, without contact holes. The drain electrode 255 of the driving TFT 200 contact an anode 
310 of the organic EL element 300 through an opening portion 267 (shown in FIGS. 5C-5E). As 
such, the driving TFT 200 is electrically connected to the organic EL element 300. 

[0053] A process of manufacturing the organic EL display device 100 according to an 
embodiment of the invention is explained in detail below with reference to FIGS. 5A to 5F and 6. 
FIGS. 5A to 5F are cross-sectional views taken along line V-V of FIG. 4, and FIG. 6 is a cross- 
sectional view taken along line Vl- VI of FIG: ^ 

[0054] FIG. 5A shows that a buffer layer 202 is fomied on a transparent substrate 110. The 
buffer layer 202 is made of, for example, Si02. A polycrystalline silicon layer is deposited on the 
buffer layer 202 and then patterned using a first mask to fornn a semiconductor layer 210 of a 
driving TFT 200. At this time, a semiconductor layer 172 of a switching TFT 170 (see FIG. 6) is 
fomied at the same time as the semiconductor layer 210 of the switching TFT 200. 

[0055] A gate insulating layer 21 5 is fomied over the whole surface of the substrate 1 1 0 
using a second mask, and a gate electrode 220 and a capping layer 225 are fonmed on the gate 
insulating layer 215 over the semiconductor layer 210. At the same time, a gate electrode 174 
and a capping layer 225 of the switching TFT 170. a first capacitor electrode 182 and a 
dielectric layer 183 (see FIG. 6) are fomied. The gate line 120 (see FIG. 4) is fomied at the 
same time as the gate electrode 220. The gate insulating layer 215 and the capping layer 225 
are made of, for example, Si02 or SiNx. 
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[0056] Then, a low-density impurity, such as an n-type or a p-type low-density impurity, is ion- 
implanted into both end portions of the semiconductor layer 210 using the gate electrode 220 as 
a mask to form low-density source and drain regions 214-1 and 214-2 of the driving TFT 200. 

[0057] At the same time, a low-density impurity is ion-implanted into both end portions of the 
semiconductor layer 172 using the gate electrode 174 as a mask to fomi low-density source and 
drain regions 173-1 and 173-2 of the switching TFT 170 (see FIG. 6). 

[0058] The capping layers 225 of FIG. 5A and FIG. 6 serve as impurity barriers that shield 
the low-density impurity from being ion-implanted into the gate electrodes 174 and 220. Also, 
the dielectric layer 183 of FIG. 6 serves to shield the low-density impurity form being ion- 
implanted into the first capacitor electrode 182. Refemng to FIGS. 5A and 6, a portion of the 
semiconductor layer 172 between the low-density source and drain regions 173-1 and 173-2 
and a portion of the semiconductor layer 210 between the low-density source and drain regions 
214-1 and 214-2 serve as channel areas of the TFTs 170 and 200, respectively. 

[0059] Subsequently in FIG. 5A, an insulating layer for spacers is deposited over the whole 
surface of the substrate 110 and then etched-back to form spacers 230 on both side wall 
portions of the gate electrode 220 and the capping layer 225. Thus, the gate electrode 220 is 

perfectly insulated by the capping Iayer 225 and the spacers 230. An oxide l^ 

layer is used as the insulating layer for spacers. The gate insulating layer 215 is also etched to 
expose end portions of the low-density source and drain regions 214-1 and 214-2. 

[0060] At the same time, spacers 230 (see FIG. 6) are also formed on both side wall portions 
of the gate electrode 1 74 of the switching TFT and of the first capacitor electrode 1 82. And, 
when the gate insulating layer 215 (FIG. 6) of the switching TFT 170 is etched, end portions of 
the low-density source and drain regions 173-1 and 173-2 are exposed. 

[0061] Next, FIG. 5A and FIG. 6 show that silicide layers 240 are formed on the exposed 
portions of the low-density source and drain regions 214-1 and 214-2 and on the exposed 
portions of the low-density source and drain regions 173-1 and 173-2. respectively. 

[0062] Subsequently, using the gate electrode 220 and the spacers 230 as a mask, a high- 
density impurity having the same conductivity as the low-density source and drain regions 214-1 
and 214-2 is ion-implanted into the exposed portion of the low-density source and drain regions 
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214-1 and 214-2 in a self-aligning manner to form high-density source and drain regions 216-1 
and 216-2. 

[0063] At the same time, high-density source and drain regions 1 75-1 and 1 75-2 of the 
switching TFT (see FIG. 6) are fomned under the silicide layers 240. The TFTs 170 and 200 of 
FIG. 5A and FIG. 6 have an LDD structure. 

[0064] Since the high-density impurity is ion-implanted into the semiconductor layer 1 72 and 
220 through the silicide layers 240. the semiconductor layers 172 and 210 is protected by the 
silicide layers 240, thereby minimizing damage to the semiconductor layer 172 and 210 due to 
the ion-implantation. 

[0065] Finally in FIG. 5A. a metal layer for source and drain electrodes is deposited over the 
whole surface of the substrate 110 and then patterned using a third mask to form the source 
and drain electrodes 250 and 255. The source and drain electrodes 250 and 255 directly 
contact the high-density source and drain regions 216-1 and 216-2 through the silicide layers 
240. respectively and without the contact holes 19-1 and 19-2 shown in FIG. 1. 

[0066] At the same time, the source and drain electrodes 1 76 and 1 78 of the switching TFT 
170 (see FIG. 6) are formed to directly contact the source and drain regions 175-1 and 175-2 
through the silicide layers 240, respectively. Even though not shown, the data line 130 and the 
power supply line 140 are also formed at the same time (referring to FIG. 6). 

[0067] In order to form an off-set structure instead of an LDD structure, a process of ion- 
implanting a low-density impurity can be omitted. 

[0068] FIGS. 5B and 5C show that a planarization layer 260 is fonned over the whole surface 
of the substrate 110. The planarization layer 260 is etched using a fourth mask to form an 
opening portion 267. The opening portion 267 exposes an end portion of the drain electrode 
255 of the driving TFT 200 and a portion of the buffer layer 202. 

[0069] The contact holes 261 and 262 (See FIG. 6) are formed on a portion of the drain 
electrode 178 of the switching TFT 170 and a portion of the first capacitor electrode 182 when 
the opening portion 267 is formed. 

[0070] FIGS. 5D and 5E show that a transparent conductive material layer 31 Oa is deposited 
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over the whole surface of the substrate 110 and then patterned using a fifth mask to form a pixel 
electrode 310 that contacts the drain electrode 255 through the opening portion 267. The pixel 
electrode 310 is made of a transparent conductive material such as indium tin oxide (ITO) or 
indium zinc oxide (IZO) and is used as an anode electrode of an organic EL element 300 (see 
FIG. 4). 

[0071] A connection pad 315 (see FIG. 6) is formed to electrically connect the drain electrode 
178 and the first capacitor electrode 182 through the contact holes 261 and 262. 

[0072] Alternatively, in order to contact the pixel electrode 310 and the drain electrode 255 
instead of using the method shown in FIG. 5C according to another embodiment of the invention 
shown in FIG. 7. two opening portions 267 and 267a are fonned to expose a portion of the drain 
electrode 255 and a portion of the buffer layer 202. respectively. OthenA^ise. according to yet 
another embodiment of the invention shown in FIG. 8. one opening portion 267 that exposes a 
portion of the drain electrode 255 can be fomied. 

[0073] However the opening portion 267 is fomied. FIG. 5F shows that an organic EL layer 
320 and a cathode electrode 330 are sequentially fomied on the anode electrode 310 and the 
planarization layer 260. The organic EL layer 320 and the cathode electrode 330 are not 
formed over the storage capacitor 180 and the TFTs 170 and 200 (see FIG. 4-and FIG.. 6). The- 
cathode electrode 330 is preferably made of a metal having a lower work function than the 
anode electrode 310. 

[0074] Even though not shown, the organic EL layer 320 includes a hole transfer layer, a 
light-emitting layer and an electron transfer layer. The hole transfer layer transfers holes from 
the anode electrode 31 0 to the light-emitting layer, and the electron transfer layer transfers 
electrons from the cathode electrode 330 to the light-emitting layer, so that holes and electrons 
are recombined to emit light. That is. holes and electrons are recomblned so that organic 
molecules that constitute the light-emitting layer are excited, to emit excitons. and the emitted 
excitons become inactivated, whereupon light radiates from the light-emitting layer. 

[0075] As described above, the active matrix display device according to the embodiments of 
the present invention have the following advantages. Since the source and drain electrodes 
directly contact the source and drain regions without contact holes, the number of a mask 
process is reduced, thereby simplifying a manufacturing process. Furthemiore. since only five- 
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mask processes are required to manufacture the active matrix display device, the overall 
manufacturing process Is simplified, leading to a higher manufacturing yield and a lower 
production cost. Also, since the capping layer is formed on the gate electrode of the TFT while 
an ion-implanting process is performed to fomi the low-density source and drain regions, 
damage to the gate electrode is prevented. In addition, due to the silicide layers respectively 
fomied between the source and drain regions and the source and drain electrodes, a contact 
resistance is reduced, leading to a high reliability In addition, since an LDD region or an off-set 
region is formed in a self-align manner through the spacers fomied on both sidewall portions of 
the gate electrode and the capping layer, the manufacturing process is again simplified, and the 
electric characteristics such as an on/off cun-ent ratio is improved. 

[0076] Although a few embodiments of the present invention have been shown and 
described, it will be appreciated by those skilled in the art that changes may be made in these 
embodiments without departing from the principles and spirit of the invention, the scope of 
which is defined in the appended claims and their equivalents. 
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